Abstract. We examine the statistical relationships between the interplanetary parameters and spectral power of the geomagnetic fluctuations in the 1-4 mHz frequency band at high latitude stations in two hemispheres. For that, we use a crosscorrelative analysis of different combinations of parameters to identify a factor contributing most to the ULF power and to choose (whenever possible) the cross-related keynote controlling parameters. Along with the well-known dependencies of the high latitude pulsation power on the solar wind velocity and variations of the SW dynamical pressure and an additional factor -the flux of solar suprathermal ions with energies about several keV, has been established.
Introduction
The broadband fluctuations in the nominal Pc5-6/Pi3 range (from ∼1 mHz to ∼10 mHz) are the most common manifestation of geomagnetic activity at high geomagnetic latitudes. The fluctuations with millihertz frequencies lie at the boundary between lowest eigenmodes of the Earth's magnetosphere and quasi-static variations. The most intense sources of broadband pulsations are associated with the dayside cusp region and nightside auroral oval. The dedicated studies of the long-period pulsations in the polar caps by Yagova et al. (2002 Yagova et al. ( , 2004 have shown that these geomagnetic fluctuations, coined Pi3 CAP pulsations, are not reduced to a poleward extension of the auroral or cusp activity. The variations of Pi3 CAP spectral power have a significant component specific to the polar cap only. Mechanisms of these high latitude long-period geomagnetic fluctuations have not been firmly established yet, though some theoretical models
Correspondence to: N. Yagova (nyagova@yandex.ru) (Allan and Wright, 2000; Pilipenko et al., 2005) may be relevant to at least part of the observed variations. A thorough examination of ULF signatures in the polar cap regions may reveal specific magnetotail or mantle wave modes. A possible control of Pi3 CAP pulsations by the solar wind/IMF has not been examined so far.
The most important interplanetary parameter for the intensity/occurrence of the geomagnetic fluctuations almost at all geomagnetic latitudes and throughout the ULF frequency range from few mHz (Pc5) (Engebretson et al., 1998; Vennerstrom, 1999) to ∼0.1 Hz (Pc2-3) (Yedidia, 1991) is the solar wind (SW) velocity. This fact is commonly interpreted as an indication on the key role of the KH instability at the interface between the magnetosphere and the solar plasma flow in generation of magnetospheric ULF activity. Besides SW velocity, steep or periodical variations of the SW dynamic pressure can stimulate Pc5 pulsations (Kepko et al., 2002 (Kepko et al., , 2003 Kim et al., 2002) and references therein. Under favorable conditions, the high latitude long-period pulsations can be driven by the IMF quasi-periodic oscillations (Prikryl et al., 1999; Pilipenko et al., 2000; Kepko et al., 2002) . Important source of the Pc3-4 (∼10-100 mHz) waves in the Earth's foreshock is the suprathermal protons reflected and accelerated at the bow shock (Blanco-Cano and Schwartz, 1997) . Foreshock diffuse ions are associated with the hydromagnetic waves at frequencies 0.01-0.05 Hz and reflected ions are related to the high frequency (∼1 Hz) waves (Hoppe et al., 1981) . To find sources of the high latitude Pi3 pulsations, a comprehensive statistical study of their correlations with the interplanetary parameters is necessary. In this paper we study the statistical relationships of the spectral power of the geomagnetic field fluctuations in the nominal Pc5-6/Pi3 frequency band with interplanetary parameters including the SW velocity, SW dynamic pressure and its fluctuations, interplanetary magnetic field (IMF), and the suprathermal ion fluxes. Yagova et al. (2004) showed with the use of multi-regression statistical analysis that Pi3 power at cap latitudes can be presented as a sum of four components: auroral, cusp, pure cap, and local noise. The auroral and pure cap components are bigger than the other two. This determines the choice of stations for the present analysis: 3 stations deep in the polar caps -Antarctic base Vostok (VOS), and Arctic stations Alert (ALE) and Qaanaaq (Thule, THL), and 7 auroral stations at ∼70 • CGM latitude: BAS A81 and Mawson (MAW) in Antarctica, and Nuuk (Godhaben, GHB), Bear Island (BJN), Kotelny (KTN), Yellowknife (YKC), and Fort Churchill (FCC) in the Northern Hemisphere. All the stations are equipped with flux-gate magnetometers with 1 min or better time resolution. The data has been filtered and decimated to common 1-min cadence. The information about the observatory coordinates is given in Table 1 We have taken for analysis 23 months with the best data coverage from February 1997 to December 1998.
The data on the SW plasma, IMF, and keV-ions are taken from WIND satellite, located for the majority of intervals more than 100 R E upstream the magnetopause. In our analysis, the following parameters have been used: SW velocity along Sun-Earth axis V , dynamic pressure P , IMF B Z component, and omni-directional ion fluxes J detected by WIND-3DP experiment in 7 energy channels with energies E from 0.07 KeV to 400 KeV.
Data processing technique
We try to reveal possible sources of the high latitude ULF energy. For that we examine the interplanetary factors which may control the variation of ULF spectral power on the ground and in space. Taking into account that there is no essential difference in time behavior of narrow-band and broadband pulsations in the polar caps in Pc5-6/Pi3 frequency range (Yagova et al., 2002) and that noise-type fluctuations dominate at high latitudes we use the notation Pi3 for all the pulsation studied and Pi3 CAP for those measured in the polar caps. The boundaries of the frequency band chosen 1-4 mHz are determined by, on the one hand, an expected lowest frequency of the magnetospheric oscillations (1 mHz, T ∼17 min) and, on the other hand, by the requirement of the spectral estimate stability for 1 min sampling rate. We use 2-h running window to calculate the mean values of interplanetary parameters and the Pi3 spectral power, which corresponds to ∼7 periods at lowest possible frequency under study. A routine data pre-processing procedure includes elimination of instrumental spikes, interpolation to a common sampling rate, and detrending. Intervals with long gaps are excluded from the analysis and short (several points) data gaps are filled with interpolated values. A time window is considered valid for analysis if it includes at least 90 min of continuous record. Thus, the actual length of time interval varies from 90 to 120 min and we do not use overlapping windows to avoid the variation in the degree of overlapping.
Two-hour mean values of the SW velocity V , dynamical pressure, P , and ion flux, J , from a specific energy channel in WIND-3DP experiment have been used to calculate crosscorrelation coefficients between ground and space parameters. As a measure of the ground ULF activity we use the total horizontal spectral power density (i.e., the sum of spectral power densities for two horizontal components) in subbands of ∼0.5 mHz width in the frequency band 1-4 mHz. As a measure of the IMF fluctuations the 2-h spectral power of the IMF B z component variations S Bz was used (the use of other IMF components provides a similar results and will not be shown). Similarly, the SW plasma fluctuations are characterized by the spectral power of the dynamical pressure variations S P . Because the spectral powers and proton flux vary in a wide range, their logarithms are used for the statistical analysis. Though the propagation time between the Wind location and the magnetopause is ∼1 h and its influence on the calculation results is weak, we have time-shifted all WIND parameters to account for the SW propagation to the dayside magnetopause.
We are interested in variations at relatively short time scales, about several days. At this timescale, the shortterm irregular variations dominate while seasonal and solarrelated variations (e.g., the 27-days periodicity responsible for false correlations at longer timescales) are not significant. We calculate correlation coefficients C L for all the sub-sets that contain a given number L of points, and , i.e. the averaged over the period of observations value of C L , is used as measure of linear correlation between two parameters at a given timesclale. The 2-h interval is taken as a point in the subset which contains L points. We are not interested in fluctuations of parameters inside this elementary interval and operate only with 2-h mean values.
Actually, many of the solar wind parameters are interrelated. This may lead to an ambiguity in selection of a governing parameter and, thus, in identification of a physical mechanism of the geomagnetic pulsation excitation. For example, there is a well-known anti-correlation of the SW velocity and density (Burlaga and Ogilvie, 1970; Neugebauer, 1976) . To avoid this bias, following Yagova et al. (2004) we apply the statistical procedure of subsequent identification of inter-dependent parameters, which is similar to the multivariate linear regression. The primary governing parameter is chosen to be the one with a maximal absolute value of C. Then, the n-th order parameter has the maximal value of C between the (n-1) residuals.
Commonly, it is unclear whether the correlation between two parameters, X and Y, which both depend on parameter Z, is due to this dependence only, or the X-Y relation has also a Z-independent component. To answer this question, the time variations of each parameter are decomposed with the linear regression procedure into two components: proportional to the factor Z and statistically independent on it (or orthogonal). Then the correlation between these Z-independent (hereafter it is often noted as "pure component") fractions is calculated. This correlation indicates a level of X-Y relation with the influence of factor Z excluded.
In the statistical approach that we apply (see for details Loeve, 1960 ) the variation of Pi3 spectral power at a given station S STN is considered as an independent variable. In essence, we have to study its expansion over orthogonal basis formed from the variations of dependent parameters. For two variables X, Y centered at their mean values the scalar production XY is introduced and the vectors are orthogonal if XY =0. The correlation coefficient C is the normalized scalar product. A basis can be orthogonalized and a projection of an arbitrary vector, say Y on a given basis (X i , i=1, . . . , n) can be found. This projection corresponds to the component of the variation of the independent variable equal to linear combination of basic variables. If this projection is equal to the vector itself then the behavior of the variable is totally controlled by the governing parameters.
The procedure of expanding of the dependent vector Y over basic vectors (X 1 , . . . , X N ) and the orthogonalization of basis is as follows. We use the notation P for the orthogonal basis. The first vector of the new basis P 1 =X j , where j is determined from the condition of maximum of |C Xj Y |. Then the components of Y and all the other X vectors, orthogonal to P 1 , are calculated and one with the maximal C is chosen as P 2 . Thus, the vector P i ... P n are orthogonal to all vectors P 1 . . . P i−1 and P i is chosen from the condition of the maximal absolute value of correlation with the Y projection on the subspace X i . . . X n . If the initial set of parameters X or at least its projection on Y is degenerate, i.e. includes linearly dependent variables, they will be excluded during the procedure. latitudes (middle and bottom panels) almost no seasonal variations are seen and variations are in-phase and coherent for all temporal scales. It is clear from Fig. 1 that variations of Pi3 power and, possibly, their correlation with governing parameters, depend on timescale. Therefore, further we will present the average correlation coefficient C in dependence on the subset length L.
We start the analysis of correlation with the SW velocity V , because it is known to be the main factor which controls the intensity of almost all types of ULF pulsations at auroral and middle latitudes. Averaged correlation coefficients between the Pi3 power and V in respect to the subset length L for the polar cap and auroral stations in both hemispheres are given in Fig. 2 . These dependences are similar for all stations: at short sample lengths, the correlation grows with L, and then it saturates at a plateau at L about several tens. In further analysis, to minimize the influence of regular cyclic variations we use as a reference value L=30.
The correlation with V for the polar cap stations turns out to be higher (∼0.5) than for the auroral stations (∼0. on the ground than in space to the SW driving indicates that the mechanism of the K-H instability at the magnetospheric boundary may be involved. Thus, the SW velocity to a great extent controls the ground Pi3 activity, especially in the polar caps.
Then we check whether the SW dynamic pressure P may control the level of the SW/IMF fluctuations and ground ULF pulsations in the Pi3 frequency range. The correlations of P with the pulsation power S for 6 ground stations and Wind are shown in Fig. 3 . These correlations demonstrate the behavior analogous to the previous V −S correlation: saturation at a plateau at about several tens of points. The correlation of P with the Pi3 power at the polar cap stations is again higher (C∼0.3) than that at auroral stations (C∼0.2), though lower than the correlation with V (cf. Fig. 2 ). Contrary to the correlation with V , the SW pressure correlations with the Pi3 power on the ground and in space are nearly the same (C∼0.3). This fact can be related to the higher level of pressure and IMF fluctuations in the high pressure segments of the SW. To discriminate the influence of the SW dynamic pressure P and the spectral power density of pressure fluctuations, we examine separately the correlations of P and S P with the magnetic fluctuation power at the ground (VOS) and at Wind (Fig. 4a) . The relevant correlation coefficients show that the magnitude of P and the spectral power density of pressure fluctuations S P correlate well with each other, and both influence the intensity of magnetic field fluctuations S in a similar way. To reveal the influence on the ULF power of each of parameters free from the influence of the other, the correlations between "pure" components (orthogonal to S P and P , correspondingly) are calculated as described in Sect. 3. The correlation coefficients (Fig. 4b) for the "pure" components are less than for original time series, but significant. A positive correlation between S P -independent components of the SW dynamical pressure and the power of the magnetic field fluctuations on the ground and in space indicates the existence of an additional mechanism for excitation of the IMF fluctuations in a high pressure SW.
Segments of the SW with high particle density and dynamical pressure are known to be a source of accelerated particles (Gloeckler, 1984; Richardson and Zwickl, 1984) . We examine the correlation between the WIND ion flux J and ULF power on the ground and in space. The dependence of the S−J correlation coefficient on ion energy, C(E), is shown in Fig. 5 . S−J correlation at (E<20 keV) is surprisingly high, ∼0.4-0.5 both in the polar cap and in the interplanetary space. At these energies the correlation coefficient C(E) slowly decreases with E and it drops significantly for E>40 keV.
The correlation of the SW proton flux with ground magnetic variations at different latitudes is examined in Fig. 6 , where the correlations C(L) between the Pi3 power on the ground (6 stations) and the Wind flux J (8 keV<E<30 keV) are given. Qualitatively these dependencies are similar to the previous S-P and S-S P correlations (cf. Figs. 3, 4) : the maximal correlation of S with J occurs at cap latitude stations (∼0.4), whereas the correlation at auroral stations is lower (∼0. fluctuations (dashed-dotted line) is similar to that with P and S P .
The above analysis has shown that besides SW velocity, the primary driver of high-latitude Pi3 pulsations, there is a group of geoeffective interplanetary parameters weakly Upper panel: the correlations between J and S P (solid), J and P (dash-dot), and P and S P (dashed). Other two panels show the correlations of S VOS (middle) and S Bz (bottom) with J (solid), S P (dash-dot), and P (dash) pure components (orthogonal to the parameters given in the upper indexes). S P and P for the correlations with S VOS (middle panel) are recalculated to the dayside magnetopause.
related to V : the SW dynamic pressure, the amplitude of pressure fluctuations, and the flux of protons with keV energies. These parameters are inter-related and influence the ULF power on the ground and in space similarly, but in a different way than V . Correlations between these three parameters and their influence on the Pi3 wave power on the ground and in space are shown in Fig. 7 . The highest correlation (∼ 0.8) is found between P and J and the correlation between two other pairs are very close (∼0.6).
To exclude a dependent parameter influencing ULF power only as a superposition of two others, correlations of "pure" components (i.e. each of three independent on two others) with ULF power on the ground and in space have been calculated (two bottom panels in Fig. 7) . The correlation vanishes for S−P pair, which means that the SW dynamic pressure influences ULF power not directly, but only through the pressure fluctuations and proton fluxes. At the same time, the correlation of the pure S and J (that is, V and S P -independent) components is non-zero and positive (∼0.2), indicating that the SW proton flux is an additional independent factor which contributes to the excitation of magnetic fluctuations on the ground.
The proton flux and pressure both vary almost synchronously indicating a quick thermalization of 8-30 keV protons. Thus, only those protons accelerated at small distances from the observational monitor contribute to the ULF power in space and on the ground. An important feature of protons with E<30 keV is their weak correlation with higher energy protons generated during the solar proton events (SPE) (not shown). SPE-related peaks can be seen in 8-30 keV channel, but these events are relatively rare and give a low contribution to the total statistics of J . The intervals with low J (8-30 KeV) -P correlation are mainly SPE intervals with the increased proton flux in all energy channels. However, even for these intervals the correlation coefficients between J (8-30 KeV) and ULF power are nearly the same as for the total interval. This gives an additional argument in favor of the above conclusion that the magnitude of the SW dynamic pressure acts on the Pi3 pulsation power only as the superposition of two factors: pressure variations and ion flux.
For the majority of subsets the correlation coefficients of the ULF power on the ground and in space with the proton flux and SW pressure fluctuations are approximately equal and both vary in a similar way with time. However, for ∼25% of samples the correlation of J with the ground ULF power is even higher than its correlation with the ULF power measured on WIND. The two year mean value of the correlation between the pure components of S VOS and J (that is independent on V , S P and S BZ ) is ∼0.13.
The above analysis of possible interplanetary factors, which influence the amplitude of ULF fluctuations at high latitudes, may be summarized as follows: the most important factor is the SW velocity. A higher correlation of V with ULF power at the Earth's surface than in the interplanetary space indicates the occurrence of a magnetospheric generation mechanism (probably, KH instability). Then we have a group of coupled parameters weakly dependent on V and related to the SW dynamical pressure P . For them the correlations with the ULF power in the polar caps and at Wind are very close. The multi-regression analysis shows that the influence of P on ULF magnetic fluctuations is, in fact, a superposition of two factors: the spectral power density of the pressure fluctuations S P and suprathermal ion flux J . A weak positive correlation exists between J and ground ULF power independent on V , S P and S Bz throughout the whole high latitude region, but it is higher in the polar caps. and physical mechanisms for correlations discovered. The cross-covariate function between averaged values of Pi3 spectral power densities at the cap and auroral stations in both hemispheres and the SW velocity is given in Fig. 8 . For all the stations the behavior of their cross-covariate functions is similar, though the peak values are higher (∼0.35) for the polar cap stations. The covariate function reaches a maximum at zero time offset indicating the occurrence of instantaneous relation between parameters. At the same time, this function demonstrates an unexpected puzzling asymmetry, as if Pi3 power depends on future values of the SW velocity, or as if Pi3 power enhancements precede somewhat increases of V . This can be due to the dependence of the ULF power at the Earth's surface on space parameters whose variations precede those of the SW velocity.
The covariate functions of the ULF fluctuations in the polar cap with J , S P , P , and S Bz are shown in Fig. 9 . They also have a weak asymmetry, but opposite to that of the S − V relationship. Generally, an asymmetric covariate curve with the maximum at zero offset prompts that the delay time between parameters under examination may vary in a wide range from zero to some maximal value. The above features of the covariate functions shows that the delay times between the P -related SW parameters and ULF power at the ground S, as well as between V and S, may vary from 0 to several ten hours. 
Examples of Pi3 driving by solar wind proton fluxes
In the above two sections, we have shown statistically that the Pi3 power depends on the SW velocity, SW dynamic pressure fluctuations, and flux of supra-thermal solar protons, whereas the latter two parameters correlate closely with the SW dynamic pressure. Here we present two events for a disturbed interval and a relatively quiet one when the influence of the proton flux on ground ULF activity is seen evidently with a lower nterference of other factors. These events are not unique, because throughout the entire period of observations, during ∼25% of intervals the correlation of ground Pi3 power with J is higher than with S P and V . During the first event from 3 August 1998 to 8 August 1998 (days 215-220), shown in Fig. 10 , two rises of the SW dynamic pressure (third panel) occur at days 215 and 218. The second increase of P up to ∼10 nPa, caused by arrival of a corotating interacting region (CIR), marks the onset of moderate magnetic storm with peak D st =−138 nT. It is interesting that the response of the ULF power in the polar cap (VOS) (upper panel) to this pressure jump is more evident that the variation of ULF power at WIND (second panel). The ULF power in the polar cap enhances nearly simultaneously with the solar proton flux (upper panel), and slightly earlier before the pressure jumps. At the same time, the correspondence between S VOS and V (lower panel) for this interval is low. An example of a relatively quiet interval is shown in Fig. 11 During six days from 8 June 1998 to 13 June 1998 (days 159-164) moderate variations of all parameters occur. Again, a ULF activity in the polar cap, as characterized by S VOS , is highly correlated (C∼0.7) with J , much higher than with V . Thus, at least for some intervals the correlation between S VOS and V is lower than its correlation with S P and J , that is, the influence of V -independent parameters on the Pi3 power dominates.
Stability of correlations
To understand how the correlations found are revealed during disturbed and quiet space weather conditions, we have analyzed the cross correlations between all the SW parameters separately for the intervals including CME, shocks, and CIRs (∼1/3 of all intervals) and those with no space weather events (hereafter "quiet intervals"). The correlation coefficients turned out to be very close for these two sub-sets, so the plots in Figs. 2-7 are nearly the same for these sub-arrays. Thus, we may conclude that the acceleration of protons in high pressure SW occurs not only in well-formed shocks or CIRs, but also in the SW with very moderate pressure increase. The features of the covariate functions of the SW dynamic pressure and supra-thermal proton flux in respect to amplitude of the magnetic field fluctuations in the interplanetary space and on the ground are similar for a disturbed and quiet SW. Thus, we may conclude that the relation between SW supra-thermal protons (E<30 keV) and the amplitude of the ULF fluctuations in the interplanetary space and on the ground exists permanently, both for the disturbed and quiet intervals. The other concern is the possible false correlations originating from cyclic variations (e.g., solar-related, seasonal, and diurnal). The most direct and effective method to suppress the influence of these variations might be the high-pass filtration of the time series of 2-h parameters at a frequency about 1-2 day −1 . The problem in our particular case of numerous parameters, measured simultaneously by different sensors in the interplanetary space and on the ground, is the existence of data gaps. Actually, there are not enough subsets with complete data coverage. That is why we use crosscorrelation in time domain. To verify the robustness of the averaged correlations we use the following procedure. The whole two-year interval is divided into two one-year intervals, and the average correlation coefficients for all the subsets are calculated for both one-year intervals and between years for all the parameter pairs. The time-shift in cross-year correlations is varied from 0 to 27 days to estimate the maximal correlation of solar-cycle origin. The same procedure is used for "pure" components as well. The summary of correlations is given in Table 2 . The columns 1-1 and 2-2 show the correlations for years 1997 and 1998, respectively. The columns 1-2 and 2-1 show the maximal cross year correlations with index 1(2) corresponding to the year 1997(1998). E.g. in the first line of Table 2 column 1-2 demonstrates the correlation between S VOS (1997) and V (1998). All the cross-year correlations demonstrate cyclic behavior with the 27-day period and we give their maximal absolute values, i.e. the amplitude of these variations, in columns 1-2 and 2-1 of Table 2 . For the all the correlations, with the exception of "pure" S−P (orthogonal to S P and J ) correlation, zero-shift one-year correlation is at least 1.5-2 times higher than the maximal values of the cross-year correlations. For the correlations S VOS −P and S Bz −P (components orthogonal to S P and J ) the absolute values of zero-shift one-year and maximal cross-year correlations are approximately equal.
One more result, which is influenced sufficiently by cyclic variations, is the existence of the relation between ULF power on the ground and ion flux independent on V , S P and S Bz (last line in the table). Although the two-year averaged correlation for S VOS −J "pure" correlation is higher than both cross-year maximal correlations, only one-year correlation for 1998 is 2 times higher than the maximal cross-year correlation, while the correlation for 1997 is nearly equal to it. Thus this result is doubtful and requires more precise analysis.
Discussion and conclusion
This study has shown that the high latitude Pi3 (1-4 mHz) activity is controlled by several interplanetary parameters. The relationships between the fluctuations in this frequency band and basic interplanetary parameters: the SW velocity, SW dynamic pressure, and IMF fluctuations, are similar, but not the same as the known relationships for common Pc5 pulsations. The ULF response in this frequency range turns out to be more noticeable at the polar cap latitudes than at auroral latitudes. This distinction may be caused by several reasons:
-lower background ULF activity in the polar cap region; -occurrence of additional magnetospheric mechanisms of ULF generation in the cusp/auroral regions, masking the IMF/SW control;
-easier KH instability excitation and ULF wave penetration on the flanks of the magnetotail lobes. The primary drivers of high-latitude magnetic Pi3 fluctuations, especially in the polar caps, are turned out to be the SW velocity V and the group of parameters almost independent on V , but correlated with the SW dynamic pressure P . This group of parameters causes a similar Pi3 response both on the ground and in interplanetary space. The influence on the Pi3 amplitude of the SW dynamic pressure P is, in fact, a superposition of two factors: the spectral power density of the SW dynamic pressure fluctuations and supra-thermal ion (with energy E<30 KeV) flux.
As all the three parameters, i.e. P , S P and J , correlate with each other and their correlation coefficients with Pi3 power are close to each other, we use the following additional test to choose between these parameters those actually which control the Pi3 spectral power. The flux of SW protons with J (E<30 keV) and ULF spectral power S both on the ground and in space have almost no correlation with higher energy (E>1 MeV) solar protons generated during SPE. As it was mentioned above, J increases with the SW dynamical pressure. However, there are time intervals when the J -P correlation is low. These intervals are characterized by a steep increase in proton flux in all energy channels and, thus, they correspond to SPE. The S−J correlation for these intervals is approximately the same as for quiet intervals, while S−P correlation for SPE intervals vanishes. Thus, the flux of suprathermal protons is directly related to Pi3 power, while its correlation with P is an artifact. The inter-relations between all the parameters studied are summarized in Fig. 12 , where the average correlation coefficients are shown by different types of lines. The correlations between all the parameters (except P −V pair) are statistically significant. To make the picture readable, we take only one ground station (VOS). The picture for other polar stations (ALE and THL) is very similar to the one depicted in Fig. 12 . The correlations between ULF spectral power in the polar caps and in space are close to each other, except the correlation with V , which is lower in the interplanetary space. For V and S P -independent components a significant correlation remains between Pi3 power, both on the ground and in the SW, and the proton flux. The correlation coefficients S VOS −J and S Bz −J are approximately equal, i.e. suprathermal protons influence the power of fluctuations on the ground and in space in a similar way. However, the correlation between the proton flux and Pi3 power components independent also on the power of S Bz is about 0.13. This may indicate the possibility of generation of ULF noise by suprathermal protons not only in the foreshock, but also inside the bow shock. Special studies are necessary to study the reliability of this relation and establish mechanisms for it.
An important result of our analysis is the puzzling asymmetry in S−V covariations corresponding to preceding of the Pi3 power variations to the variations of the SW velocity. Most probably, this asymmetry is associated with the typical structure of CIRs in which high speed SW streams are preceded by the plasma compression. Compressed SW segments are characterized by the enhanced pressure and IMF fluctuations, generating ULF response in the magnetosphere. The examples of events with high peak-to-peak correspondence between the 1 mHz SW dynamic pressure fluctuations and variations of the Earth's magnetic field were presented by Kepko et al. (2003) proving the possibility for the magnetosphere to be a forced low quality oscillator.
CIRs are also the sources of accelerated ions. Acceleration of SW protons to energies E>40 keV takes place in interplanetary shocks while CIRs are known to be a source of suprathermal protons of lower energies even if a shock is not formed (Gloeckler, 1984; Richardson and Zwickl, 1984) . A CIR necessarily includes a high pressure segment in the zone where a high speed SW meets a slow flow. As was found by Chotoo et al. (2000) , maximal flux position of lower energy (less than several 100 keV) ions is shifted anti-sunward as compared with the Mev ions and corresponds to the zone of dense decelerated SW. The 10-30 keV protons are, probably, stochastically accelerated by the SW fluctuations, therefore, the proton flux correlates with the SW density (Trattner et al., 1991) . The evolution SW supra-thermal protons and its relation to the ULF fluctuations in the interplanetary space have not been sufficiently explored. Possibly, an enhanced ULF power can be generated by the differential streaming of keV-ions at super-Alfvenic velocities through the SW. A possibility of the MHD wave generation under differential streaming was discussed by Leubner (2004) and Dubinin et al. (2005) .
The main mechanism of the Earth's magnetosphere influence on the proton flux upstream of the Earth's bow shock is the acceleration at the bow shock (McKenna-Lawlor et al., 2003) . Additionally, a close relation between particle flux fluctuations (electrons in the magnetosheath) and Pc5 oscillations was observed by Sarafopolous et al. (2001) , who proposed a leakage of particles from the magnetosphere as a physical mechanism. These two mechanisms may be responsible for proton events measured at interplanetary monitor magnetically conjugate with the magnetosphere. However, these mechanisms cannot interpret our results, because intervals with possible Wind-magnetosphere conjugacy are very rare. More than 90% of 2 h intervals from our dataset correspond to the WIND location at X>30 R E , and among them there are only very few conjugated intervals with low IMF cone angle θ , such that tan(θ)<h/x, where h is the magnetosheath typical lateral scale and x is the GSE Sun-Earth coordinate of WIND. Taking h=30 R E , we get only ∼160 from ∼4000 subsets and these intervals give almost no contribution to the J −S correlation. Thus, the asymmetry of the S−V covariation cannot be explained by the foreshock extension to the Wind location. Thus, the finding of the significant role of supra-thermal ion fluxes in the stimulation of the Pi3 activity at polar latitudes is a challenge to the ULF community. The identification of relevant mechanisms may require a comparison of the differential fluxes in SW, magnetosheath, and magnetotail.
